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INTRODUCTION
Study Design. Twelve men aged 31.8 ± 5.7 years, with a body mass index of 21.7 ± 1.8 86 kg/m 2 mean value ± SD) volunteered to participate in this study. All trained regularly, were fit, 87 healthy normotensive non-smokers and were not taking any drug therapies or supplements.
88
Other exclusion criteria included: history of gastrointestinal disease, eating disorders and 89 being vegetarian. Written informed consent was provided by all participants. The study 90 protocol was approved by the College of Medical, Veterinary and Life Sciences Ethics
91
Committee of the University of Glasgow and registered at BioMed Central Ltd.
92
(http://www.controlledtrials.com/ISRCTN04271658).
93
Before attending the clinic, participants were asked to follow a low (poly)phenol diet for 2 94 days by avoiding fruits and vegetables, nuts, high-fibre products, chocolate and beverages such 95 as tea, coffee and fruit juices, as well as to abstain from consuming alcohol. On the morning of 96 the feeding trial, volunteers reported to the metabolic suite between 08.00 and 09.00 h after a 97 12-h fast and brought their 12 h overnight urine. A venous cannula was inserted and after a 10 98 min interval a 10 mL baseline blood sample was obtained. Participants then consumed 500 mL 99 of OJ (Tropicana "With Bits"), homogeneity of samples was ensured by mixing and freezing in 100 bulk and, except for water intake to maintain adequate levels of hydration, no other food or which was then centrifuged at 16100 g for 10 min and 10 μL aliquots of the supernatant 132 analysed by HPLC-HR-MS. The recoveries values of the internal standard were of 78 ± 14% (n 133 = 20).
134
HPLC-HR-MS Analysis. Aliquots of OJ, plasma and urine were analysed using a Dionex
135
Ultimate 3000 RS UHPLC system comprising of a UHPLC pump, a PDA detector scanning from 136 200 to 600 nm, and an autosampler operating at 4 °C (Thermo Scientific). The HPLC conditions 137 were previously described by Pereira-Caro et al. 10 . Briefly, reverse phase separations were 138 carried out using a 150 x 4.6 mm i.d. 5 µm 100Å C18 Kinetex column (Phenomenex, 139 Macclesfield, UK) maintained at 40 °C and eluted at a flow rate of 1.0 mL/min with a 45 min 140 gradient of 3-50% of 0.1% acidic methanol in 0.1% aqueous formic acid. After passing through 141 the flow cell of the PDA detector the column eluate was split and 0.2 mL/min directed to an
142
Exactive TM Orbitrap mass spectrometer fitted with a heated electrospray ionization probe
143
(Thermo Scientific) operating in negative ionization mode. Analyses were based on scanning 144 from 100 to 1000 m/z, with in-source collision-induced dissociation at 25.0 eV. The capillary 145 temperature was 300 °C, the heater temperature was 150 °C, the sheath gas and the auxillary 146 gas flow rate were both 20 units, the sweep gas was 3 and the spray voltage was 3.00 kv. Data 147 acquisition and processing were carried out using Xcalibur 3.0 software. glucoside (4 µmol) and eriodictyol-7-O-rutinoside (eriocitrin) (4 µmol) were also present 170 along with a sinapic acid-O-hexoside (6 µmol). A total of 398 µmol of (poly)phenols were 171 present in 500 mL of OJ of which 250 µmol corresponded to the total amount of hesperetin 172 derivatives (~ 63% of the total (poly)phenol content) and 76 µmol of naringenin derivatives 173 (~19% of the total (poly)phenol content). In addition the juice contained 27 µmol of the 174 amine p-sympatol. For structures of the fully identified OJ components see Figure 1 . likely HPLC elution order, 15 these metabolites are, respectively, the 4´, 7-, 5,7-and 4´,5-O-190 diglucuronides. They were detected in urine but not plasma. 
Identification of Plasma and Urinary Metabolites and Phenolic Catabolites.

251
The structures of the identified flavanone metabolites are presented in Figure 4 .
252
Phenolic and aromatic catabolites. The HPLC-HR-MS characteristics the phenolic and 253 aromatic are summarized in Table 2 . A total of 14 phenylpropanoid acid derivatives (C1-C14) 254 were identified in human plasma and/or urine after OJ consumption, 4 of them were free 255 phenolic acids (3´-hydroxycinnamic acid, 4´-hydroxycinnamic acid, ferulic acid and isoferulic 256 acid) and 10 phase II metabolites (Table 2) , mainly glucuronide and sulfate derivatives of 257 coumaric, caffeic, ferulic and isoferulic acids. All, except peak C5, were identified by comparing (sulfate ion) tentatively identified these two catabolites as 3-(phenyl)propionic acid sulfate 285 isomers. As has been described above, the earlier eluting peak C32 is tentatively identified as 286 3-(phenyl)propionic acid-4´-sulfate and C33 as 3-(phenyl)propionic acid-3´-sulfate.
287
Peaks C35-C46 corresponded to phenylacetic acid derivatives. Among them, peaks C35, 288 C39, C43-46 were identified by reference to standards and comprised a range of free phenolic 289 acids (see Table 2 ). Peak C36 had a negative exact mass at m/z 327.0719 (-2.75 ppm), yielding indicates these compounds are methoxyphenylacetic acid sulfate isomers. In view of the elution order C41 was tentatively identified as 3'-methoxyphenylacetic acid-4'-sulfate and 306 C42 as 4'-methoxyphenylacetic acid-3'-sulfate.
307
Among the benzoic acid and hydroxycarboxylic acid derivatives identified, 7 corresponded 308 to free phenolics (C47, C51-54, C57, C58, see Table 2) Other groups of phenolic and aromatic acids identified in plasma and urine after OJ 323 consumption by humans were the benzenetriol and benzoylglycine derivatives which 324 comprises three hydroxyphenol derivatives (peaks C59-C61, see Table 2 ) and two 325 hydroxyhippuric acid derivatives (peak C63-C64, see Table 2 ). Except for peak C62, all were 326 identified based on the comparison of their exact mass and retention time with authentic 327 standards. Peak C62 had a negative accurate mass at m/z 370.0778 (-5.67 ppm) which with low collision energy gave rise to a fragment at m/z 194.0455 (-4.12 colon-derived phenolic acid catabolites in human plasma and urine after OJ consumption.
336
Some hesperetin and narigenin metabolites have been detected in earlier studies. [8] [9] [10] [11] [12] [13] 15 337 However, the current investigation identified 2 urinary flavanone metabolites, naringein-4´-338 sulfate and an eriodictyol-O-glucuronyl-sulfate, and more than 40 phenolic catabolites that 339 had not previously been identified in human plasma and/or urine after OJ intake. ingestion of a pulp-enriched OJ 10 and after acute OJ intake with and without a 366 microencapsulated probiotic. 13 As well as these metabolites, naringenin-4´-sulfate and an 367 eriodictyol-O-glucuronyl-sulfate were detected in both plasma and urine in the current study.
368
Further metabolites were detected in urine, namely hesperetin-5-O-glucuronide, a naringenin- Table 2 . This will help identify potentially bioactive compounds to test using in vitro models of human We thank the volunteers who participate in the study and Ana-Maria Nastase who helped collected 10-24h after the consumption of orange juice. For peak identification see Table 2 . 
